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(57) ABSTRACT 

The present invention is directed to aspartic protease 
inhibitors, in particular to HIV protease, renin, pepsin and 
cathepsin D inhibitors. Inhibitors of the present invention 
have a 3 to 12-membered heterocyclic core containing at 
least two hcteroatoms which interact with the carboxyl 
groups of the aspartic acid residues in the active site of the 
protease to inhibit the action thereof. 

38 Claims, 3 Drawing Sheets 
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ASPARTrC PROTEASE INHIBITORS A common feature of hydroxyethylamine inhibitors is the 

presence of amine groups separated from the centra] 

FIELD OF THE INVENTION hydroxy! group by 2 carbon atoms. No apparent interaction 

The present invention relates to asparlic protease has been observed between the aspartic acid residues and the 

inhibitors, in particular lo HIV protease, renin, pepsin and 5 *™nc groups in the inhibitors (Huff, J. R. Medicinal Chem- 

catbcpsio D inhibitors. ^34:8:2305-2314,1991). 

In addition to the principal interaction between the central 

BACKGROUND OF THE INVEN HON hydroxy! group and one or both of the carboxyl groups of the 

The inhibitors described below can be used for a number f P"»" C jd residues, there are a number of hydrogen bonds 

of aspartic proteases, such as HIV protease, renin, pepsin 10 bnoed between the side ; chains of the inhibitor and sub-sites 

and calhepsin IX However, for ease of discussion, reference of lhc ^ sub ' slXcs of most mlcrest m inblbllor 

will be made to applying the described inhibitors to HIV desi fi° are lem,ed the s i- V' $z *2 sub-sites. Hydrogen 

protease. It will be well understood that optimization of b p ndin 8 and interactions between the atoms of the side 

inhibitors for renin, pepsin and cathepsin D may be required. chams aad sub-sites helps stabilize the inhibitor in the active 

The nature and scope of inhibitor modifications for such is « ltc , of HIV P 10 ^ (Wlodawer el al. Anrm Rev Biochem 

optimization will be readily apparent in view of the discus- 62:M3-85; 1993). 

sion below ^so, HIV protease has a pair of p-hairpin flaps that cover 

The human immunodeficiency vims (HIV) encodes an Ul ^. u activc si . tc k These flaps interact with the substrate or 

aspartic protease whose function is essential for proper H> hll > Uor »° ."BWybind a water ^molecule. This interaction is 

virion assembly and maturation. Inaclivation of HIV pro- ™ ^^traled in Huff, J R. (ibid) as being hydrogen bonds 

tease either by mutation or chemical inhibition leads to the formed b ? . the fla P Ile and lIe amide h y dr0 & en atoms 

production of immature, non-infectious viral particles. and me iruiibilor carbonyl oxygen atorns on cither side of a 

Accordingly, in attempts to Qnd a drug for the treatment of cc !\ tral M^x)* group which hydrogen bonds to the aspartic 

AIDS, efforts have been directed to inhibitors of HIV acid residues, Hius, the water molecule bridges .the inhibitor 

protease 25 an tne " a P s ' ' n tne contracted conformation, the flaps form 

,,,, ' a pocketed hydrophobic lube shielding about 80% of the 

HIV protease ^unique mite family of aspartic proteases bound ^ ^ surrounding solvent (Huff, J. R, ibid), 

in that it us a homodimer which dLsplays C, symmetry about _ , . . . & _ L \ . ... . 

the active site. The dimer is made up of two identical . One of the disadvantage of some of thrown inhibitors 

sub-units each contributing an aspartate residue to form a 15 the P°° r pharmacokmetic properties and bioavailability of 

single active site. Known inhibitors are designed to inacti- 30 P e P. tldc analog inhibitors. High l.pophihcity, high mo ecular 

vale HIV protease by interaction with the carboxylic acid wc K lghts ' and tht " prcse " ce ° f numei , OU!i amidc bonds ma : 

functionat group of one or both of the asparlic acid residues tribut , e ,f° less *^ nh * Pharmacokinetic properties and 

in the active site metabolic instability. Some researchers have therefore 

, . , , . designed inhibitors in which an amide bond of a known 

Intheabsenceofasubstrate.awatermole^ 3S tnpepude aD alog inhibitor has been replaced by an imida- 

two carboxyl groups of the aspartic acid residues by hydro- ?ok subsdtuen * resuUi in , i mpr o Vernerit of 

gen bonding to two oxygen atoms; one from each of the mc pharmacokinetic properties and oral bioavailability of 

carboxy groups. In the active form of the enzyme, the two ^ inhibitor (Abdc] . M id) s . s . cl aL giochenltry 

carboxyl groups thus interact closely and share one proton 33-39- 11671-7- 19941 

between them. Because of this interaction, one of the ,„ *. . '. . , ,- , , . . , . ., 

carboxyl groups has a lower pK„ value, typically about 1.5, 40 ^-Meffud Bl al disclose a hydroxyc hyknc tripepude 

while the othcV carboxyl grou? has a higher pK OJ value, a " a \ nhlh ^ r . whl f the C-termmal carboxam.de is 

typically about 4.7. ^ g P 8 ? " re P ,ac f d h /f ,daZ ° 6 '? P'^ P«« ^ " 

„ , , , phcnylmethyl-4-hydroxyl-5-(tcrl-butoxycarbonyl)amino-6- 

Rcduced amide inhibitors were among the earliest HIV phenylhexanoyl-N*(l'-imidazo-2-yl)-2 1 - 

protease inhibitors. 45 mc thylpropanamide. ITie central hydroxyl group interacts 

One of the more notable of these inhibitors is known as with lhe carboxyl groups of lhl . activc sitc aspartic acid 

MVT-101. While lhe inhibitor does show activity against rcs iducs. The imidazole replaced the carbonyl oxygen and 

IIIV protease, it is believed that the lack of functionality mlro&en atoms of thc C -terminal carbnxamide that formed 

with the reduced amide ( CH 2 NH ) for hydrogen hydrogen bonds with the Asp 3 " a-amino group and the 

bonding to lhe aspartic acid rcsiducs ts responsible for thc 50 ciy 48 carbonyl group of lhe HIV protease. Thc imidazole 

moderate potency of thc reduced amide inhibitors (Kcmpf, ring providcs improved solubility, which may allow more 

D. J. et al. Current Pharmaceutical Design 2:2:225-246; efficicnl uptake of lhc inhibitor int0 , he intestinal mucosa. It 

1996 )- is also believed that thc imidazole substitution favorably 

Accordingly, most of the conventional inhibitors devel- influences metabolic stability and clearance, 

oped to date arc thc "so-called" iransition-stale analogs. 55 Disadvantages of inhibitors known lo date include poor 

Examples of transition-state analogs include statinc-, solubility, metabolic stability and bioavailability. Also, syn- 

hydroxyethylene- and hydroxyethylamine-containing thesis of these inhibitors is complicated due to the number 

inhibitors. These transition-state analog inhibitors share the of asymmetric centers in each compound, 

common feature of a central hydroxy! group for hydrogen Accordingly, there is a need for aspartic protease inbibi- 

bonding to the carboxyl groups of lhe two aspartic aad 6 o lors , hal havc thc polcnlia i for improvcd in vivo 

residues in thc active site. performance, and which are comparatively more economical 

The accepted mechanism of action for transition-state and eas j er to synthesize, 
analog inhibitors is that lhe central hydroxyl group of the 

inhibitor replaces thc water molecule that was bound in thc SUMMARY OF THE INVENTION 

active site of the enzyme in the absence of a substrate or 6S According to one aspect of the present invention, there is 

inhibitor. r I lie hydroxyl group acts as both a transition-state provided an aspartic protease inhibitor having the following 

inhibitor and as a hydrogen bond donor-acceptor. general formula (1): 
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z~~ tut— Z (t) i) at least two hetcroatoms, wherein the first heteroatom 

wherein can interact with a first aspartate residue in the active 

a) Met is a saturated, partially unsaturated or unsaturated sile of an aortic protease and the second heleroa- 
and substituted or unsubstituied 3 to 12-membered tom can interact with a second aspartate residue in 
heterocyclic ring having 5 tne same activc site > and 

0 at least two heteroatoms, wherein the first heteroatom ») a PK, v **\Ui in the range from about 2.5 to about 12, 

can interact with a lirsl aspartate residue in the active am l 

sile of an aspartic protease and the second hetcroa- b) X is a hydrogen bond-accepting group; c) Y is a moiety 

tom can interact with a second aspartate residue in having a backbone chain of at least 2 atoms selected 

the same active site, and 10 from the group consisting of carbon, nitrogen, 

ii) a pK„ value in the range from about 2.5 to about 12, phosphorus, sulfur, oxygen, silicon and combinations 

and thereof; and 

b) wherein each Z can be the same or different, and has d) each R 1 , R 1 ', R 2 and R 2 ' group is covalently bonded to 

i) a shape complementarity with at least a portion of the the Y moiety, and at least one of R 1 , R 1 ', R 2 and R 2 ' R 2 ' 
substrate binding site of the protease; 15 has a chemical structure for occupying at least one of 

ii) a chemical structure for contacting multiple atoms of the S lf S^, S 2 and S 2 ' sub-sites, 
the substrate binding sile; and 

iii) at least one R group, which can be the same or DESCRIPTION OF THE DRAWINGS 
different, at least one R group having a chemical In drawings which illustrate bioactivily of a selection of 
structure for occupying at least one sub-site, proxi- 20 inhibitors according to the present invention: 

mate to the active site of the aspartic protease. j:i C ; i is a graphical representation of the bioactivity of 

According to another aspect of the present invention, deprotected compounds prepared in Examples 1-5 at 10/iM 

there is provided an aspartic protease inhibitor having the m DMSO; 

following general formula (II): ^ pjo, 2 is a graphical representation of the bioactivily of 

deprotected compounds prepared in Examples 1-5 at in 

<") DMSO; and 

R \ / Rl FIG. 3 is a graphical representation of the bioactivity of 
— x — (CH) a Hct-(CH)r-x — compounds prepared in Examples 1-5, without 

R 1 R* 30 deproieclion, at 1 //M in DMSO. 

DETAILED DESCRIPTION OF THE 
wherein, INVENTION 

a) Het is a saturated, partially unsaturated or unsaturated ^ mv ^ q[ the 

and substituted or unsubstituted 3 to 12-membered J5 mtcract wim the catalytic aspartic acid residues in the activc 
heterocyclic ring havmg site of HIV protease to inhibit the action thereof. The HIV 

i) at least two hcteroaloms, wherein the first _ heteroatom ^ inhibitors of thc preseQt tendon have a 3 to 

can mteract w.th a first aspartate residue in the actrve 12 . mcmbered helcrocyclie ring fining at least two hct- 
s,te of an aspart.c protease and the second heteroa- QrmQms which in|cracl ^ ^ cafb , of (hc 

torn can interact wttb a second aspartate residue m 4Q acid residues. This is in contrast to the majority of 

tne same active mU,, and known inhibitors where thc functional group for bonding to 

3 f° VaIuC 10 the ran 8 e from about 23 10 ab0Ut 12 ' the carboxyl groups of the aspartic acid residues of HIV 
an protease is a hydroxy] group. 

b) X is a hydrogen bond-accepting group; , t . . , iU , . .„ , , 

' . . , , , . , , „ Ine compounds of the present invention are illustrated by 

c) Y is a moiety having a backbone chain of at least 2 45 ^ fol!owing genera] formula (I) 
atoms selected from thc group consisting of carbon, 

nitrogen, phosphorus, sulfur, oxygen, silicon and com- z— ifet— Z (I) 

binations thereof, wherein Het is a saturated, partially unsaturated or unsatur- 

d) each R , R , R and R a group is covalently bonded to ate d an d substituted or unsubstituted 3 to 12-membered 
thc Y moiety, and at least one of R 1 , R 1 ', R 2 and R 2 ' has 50 heterocyclic ring having at least two hcteroaloms and each 
a chemical structure for occupying at least one of the Z can be ihe same or different, and has a shape complemen- 
Sj, S,\ S 2 and S 2 ' sub-sites; and tarity with at least a portion of the substrate binding site of 

e) n-O, 1, 2 or 3. the protease; a chemical structure for contacting multiple 
According to a further aspect of the present invention, alomsof ihe substrate binding site; and at least one R group, 

there is provided an aspartic protease inhibitor having the 55 which can be the same or different, at least one R group 

following general formula (III): having a chemical structure for occupying at least one 

sub-site, proximate to thc activc site of the aspartic protease. 

(Ill) Thc hetcrocycle provides (1) a heterocyclic conforma- 

rX 1 tional constraint with (2) a suitable pK a value (3) for 

I 60 interaction with thc carboxyl functional groups of thc activc 
R 2-^' Y— Hel— s itu aspartic acid residues. Each of these features is dis- 
cussed in more detail below. 

First, the heterocyclic core provides conformational con- 
wherein, strain! for presentation of the R groups to sub-sites in the 
a) Het is a saturated, partially unsaturated or unsaturated 65 active site of the enzyme. The conformational constraint 
and substituted or unsubstituted 3 to 12-mcmbcrcd may result in R groups that are defined by torsion angles of 
heterocyclic ring having 0* to approximately 120* between one another. 
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The heterocyclic core may be saturated, partially unsat- 
urated or unsaturated. Preferably, the heterocyclc is a 3 to 
10-rncmbered ring. More preferably, the heterocyclc is a 3 to 
7-membered ring and most preferably, a 5 to 7-membered 
ring. Unsaturated and aromatic rings are inherently planar 5 
and will provide a higher degree of conformational con- 
straint than will the saturated counterparts. Planar aromatic 
heterocycles are comparatively easily synthesized and com- 
mercially available. Preferably, the heterocyclic core is at 
least partially unsaturated proximate the hetcroatoms. 

While not as preferred, saturated heterocydes will also 10 
offer conformational constraint even though such hetero- 
cycles are not planar. Accordingly, saturated heterocycles 



substituents include, without limitation, acyl, aldehyde, 
alkyl, amido, amino, aryl, carboxamidc, carboxyl, clhcr, 
halo, hydro xyl, nitro, oxime, sulfonyl, and sulfoxide groups. 

Without being bound by theory, it is believed that the 
interactions between the heterocyclic inhibitors of the 
present invention and the aspartic acid residues in the active 
site is that of (1) a general acid-general base, (2) a simple 
base or (3) a combination thereof. These types of interac- 
tions are illustrated below, without limitation, in Scheme 1 
wherein the heterocyclc is an imidazole ring. 
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can be used in the inhibitors of the present invention. The 
conformational analysis of small ring structures, i.e., 3 to 6 
atoms, is well-known and predictable. 

Second, the heterocyclic ring must be chosen to have a 
proper pK a value to allow for an amphoteric acid-base 
interaction with the two catalytic asparlic acid residues. 
Preferably, the pK fl value is in the range of from about 2.5 
to about 12. More preferably, the pK„ value Is in the range 
of from about 5 to about 7. 

Third, the heterocyclic ring has hydrogen bond comple- 
mentarity for concurrent association with the two carboxylic 
acid groups of the asparlic protease. The resulting prolona- 
tion states of the two carboxylic acid groups and the het- 
erocyclic ring stabilizes the enzyme-inhibitor complex. 

The heterocyclc has al least two hetcroatoms which 
interact with the two carboxyl groups of the active site 
asparlic acid residues. Preferably, the heterocyclc has 2 to 4 
heteroatoms. More preferably, the heterocycle has 2 to 3 
hetcroatoms and most preferably, two heteroatoms. Suitable 
heteroatoms of the heterocycle include nitrogen, 
phosphorous, oxygen, sulfur, boron, silicon and combina- 
tions thereof. Preferably, al least one of the hetcroatoms is 
nitrogen. More preferably, the heterocycle has two nitrogen 
atoms. 

Examples of suitable heterocycles include, without 
limitation, imidazole, imidazolidinc, pyrazolc, triazole, 
oxazole, thiazole, pyridazine, pyrimidine, pyrazine, 
piperazine, triazine, oxazine and 1,4 diazobicyclo-2,2,2- 
octanc. 

In addition to the appended Z groups, the heterocyclic 
core may be substituted or unsubstituted. Examples of 



40 



45 

The two structures in interaction A of Scheme 1 are 
equivalent because il does not matter which carboxylic acid 
SO is shown as deprotonated. The transfer of a proton from the 
second aspartate to the imidazole can also yield two equiva- 
lent structures shown in interaction B of Scheme 1. These 
structures can all coexist and, on the basis of the reported 
pK a values of the catalytic aspartate residues (pK„, and 
pK u2 are 1.5 and 4.7, respectively) and that of an imidazole 
ring pK.,-6.0-7.0), it is believed that about 10% of interac- 
tion A would be present along with about 90% of interaction 
B. 

50 

The nitrogen atoms of imidazole are separated by an 
intermediary carbon atom. Without being bound by theory, 
it is believed that the relatively acidic C — II group in the 
65 imidazole ring cao provide further stabilization of the 
inhibitor/protease interaction. This additional interaction is 
depicted in Scheme 2 below. 
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The interactions between the nitrogen atoms of the imi- 
dazole ring and the carboxyl groups of the active -site 
aspartic acid residues are believed to be the same as those 
depicted in Scheme 1. 

The proton transfer shown in A and B of Scheme 1 allows 
for all of the interactions to co-exist in the inhibitors of the 
present invention. This is in contrast to known inhibitors 
discussed in the background section herein which do not 
provide for these types of interactions. Also, the additional 
stabilization provided by interaction with the hydrogen atom 
pendant to an intermediate carbon atom is not provided in 
the known inhibitors. 

The proposed interaction between another inhibitor of the 
present invention, such inhibitor containing a pyrazole 
heterocycle, and the carboxyl groups of the active-site 
aspartic acid residues of HIV protease is illustrated in 
Scheme 3 below. 

Scheme 3 




As depicted above, there is no intermediate C — II group 
between the two nitrogen atoms of the pyrazole group. 
Accordingly, there is no additional interaction between the 
heterocycle and the carboxyl groups of the aspartic acid 
residues. However, the pyrazole is much more acidic than 
the imidazole (i.e., pK„"«2.5 v. pK.,-6.0-7.0) and is also able 
to transfer a proton to the carboxyl group. Similar to Scheme 
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1, the two structures in interaction A of Scheme 3 are 
equivalent because it does not matter which carboxylic acid 
is shown as deprolonated. The transfer of a proton from the 
second aspartate to the pyrazole can also yield two equiva- 

s lent structures shown in interaction B of Scheme 3. These 
structures can all coexist and, on the basis of the reported 
pK„ values of the catalytic aspartate residues (PK ol and 
pK a2 are 1.5 and 4.7, respectively) and that of an pyrazole 
ring (pK a _2.5), it is believed that about 99% of interaction 

10 A would be present along with about 1% of interaction B. 
The Z groups appended to the heterocyclic core of the 
inhibitors of the present invention are selected to comple- 
ment the remaining features of the substrate-binding site, as 
will be discussed in more detail below. 

15 Each Z group can be the same or different, and has (a) a 
shape complementarity with at least a portion of the sub- 
strate binding site of the protease, (b) a chemical structure 
for contacting multiple atoms of the substrate binding site, 
and (c) at least one R group, which can be the same or 

20 different, at least one R group having a chemical structure 
for occupying at least one sub-site, proximate to the active 
site of the aspartic protease. 

Inhibitors of the present invention, having a heterocyclic 
core and Z groups selected according to the above criteria, 

25 will have 3 or more of the following properties: (1) 
improved binding constant (i.e., potency) of the inhibitor to 
the enzyme; (2) low plasma protein binding; (3) an overall 
chemical structure which allows for water solubility; (4) an 
overall chemical structure which allows for complete tissue 

30 distribution; (5) improved oral bioavailability; (6) metaboli- 
eally stable chemical functional groups; (7) a molecular 
weight less than about 600 to reduce potential elimination 
problems; (8) improved resistance to mutant viruses; and (9) 
functional groups which avoid metabolic problems or poten- 

35 tial drug interactions. 

The Z group is selected to provide shape complementarity 
with at least a portion of the substrate binding site of the 
protease. Research efforts have led to X-ray crystal struc- 
tures which characterize, on an atomic level, the structure of 

40 MEV protease. Accordingly, surfaces and cavities in the 
substrate binding site have been identified. It is therefore 
possible, using structure-based design (discussed in more 
detail below), to select and/or assess the shape of an inhibi- 
tor for its complementarity to the shape of the substrate 

45 binding site. The shape of the Z groups are selected to have 
a shape which is complementary to the enzyme substrate 
binding site. 

The Z group is also selected to provide contacts between 
the inhibitor and the enzyme. Contacts are defined as 

50 chemical, physical and/or physicochemical interactions. 
Contacting distances are preferably interatomic distances of 
< about 4.1 A for non-hydrogen atoms. The number of 
contacts of conventional inhibitors is presented in Wlodawer 
et al. (ibid) as ranging from 123 to 181. It is believed that the 

55 improved binding between the aspartate residues and the 
inhibitor of the present invention, as well as the conforma- 
tional constraint provided by the heterocyclic core of the 
present invention will allow for smaller Z groups and 
therefore a reduced number of contacts will be required to 

60 stabilize the inhibitor/protease complex. For example, the 
number of contacts between atoms of the inhibitor and 
atoms of the substrate-binding site may be as low as about 
50 contacts. 

For example, preferably a Z group of an HIV protease 
65 inhibitor of the present invention has a functional group for 
binding to the amide groups of the flap lie 50 and lie 50 ' 
residues, cither directly or indirectly through a water mol- 
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ecule. The functional group is preferably a hydrogen bond- 
accepting group such as, for example, a carbonyl group, a 
sulfoxide group, a sulfone group, a phosphine oxide group, 
an amine oxide group or a hydroxylamine group. 

Each Z group preferably has at least one substituent R 5 
group to occupy one or more of the S,, S,' t S 2 and S 2 ' 
sub-sites. The S/S/ sub-sites are principally hydrophobic 
binding pockets. 'Ilie S 2 /S 2 ' sub-sites have dual hydrophobic 
and hydrophilic (i.e., amphoteric) character. Some conven- 1Q 
tional HIV protease inhibitors have been prepared using 
hydrophobic residues with hydrogen bonding functional 
groups to improve overall properties. Preferably, Z is a 
moiety with one or more atoms selected from the group 
consisting of hydrogen, carbon, nitrogen, oxygen, sulfur, is 
boron, silicon, phosphorus, fluorine, chlorine, bromine, 
iodine and combinations thereof. 

The Z groups may be symmetrical or asymmetrical. HIV 
protease is a homodimer made up of two identical sub-units. 
The homodimer displays symmetry about the active site. 20 
Many of the conventional inhibitors are asymmetric, even 
though 1 1IV protease is symmetric about the active site. 
Asymmetric inhibitors often bind in a manner to conserve 
sub-site symmetry in the complex and conventional sym- ^ 
metrical inhibitors do not always provide improved proper- 
ties (Wlodawer et al., ibid). It is believed that the heterocy- 
clic core of the inhibitors of the present invention will allow 
for symmetrical Z groups, because the rigid structural het- 
erocyclic core is placed at the C2 axis within the enzyme 30 
active site, thereby forming an inhibitor with Cj symmetry. 
An inhibitor with such symmetry is expected to have 
improved potency versus conventional symmetric inhibi- 
tors. 

— In one embodiment_of_the present invention, an HIV 35 
protease inhibitor of the present invention is represented by 
the following general formula (II): 

(it) 

ye — x — (an,,-iiet.{ai),-x — y 

R 1 R* 

where Hct is a saturated, partially unsaturated or unsaturated 45 
and substituted or unsubstituted 3 to 12-membered hetero- 
cyclic ring containing at least two heleroatoms; X is a 
hydrogen bond-accepting group; Y is a moiety having a 
backbone chain of al least 2 atoms sufficient to present al 
least one of R 1 , R 1 ', R 2 and R 2 ' to the S„ Sj', S 2 and S 2 ' 50 
sub-sites, respectively; at least one of R 1 , R 1 '' R 2 and R 1 ' 
having a chemical structure to occupy the S lf S^, S z and S 2 ' 
sub-sites; and n is 0, 1, 2 or 3. 

Examples of X arc, without limitation, carbonyl, 5J 
sulfoxide, sulfone, phosphine oxide, amine oxide or 
hydroxylamine groups. 

Preferably, R 1 is a group selected to occupy the Sj 
sub-site, R r is a group selected to occupy the sub-site and 
is the same as or different than R 1 , R 2 is a group selected to 60 
occupy the S 2 sub-site, R 2 ' is a group selected to occupy the 
S 2 sub-site and is the same as or different than R 2 . 

Depending on the heterocyclic core used, the hydrogen 
bond -accepting group may be distanced from the heterocy- 
clic core by a methylene group on one or both sides of the 65 
heterocyclic core to provide the distance and/or orientation 
required to interact with the flap lie 50 and He 50 " residues. 
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Preferably, the atoms of the backbone chain are carbon, 
nitrogen, phosphorus, sulfur, oxygen, silicon and combina- 
tions thereof. Examples of Y are, without limitation, substi- 
tuted or unsubstituted, branched or unbranched alkyl, 
alkylaminc, alkoxy, alkoxyaminc, thioalkyl, thioalkoxy, 
thioalkoxyamine, thioalkylamine, phosphidoalkyl, 
phosphidoalkoxy, phosphidoalkoxyamine and phosptri- 
doalkylamine groups. Y may also include functional groups 
to provide additional interaction between the inhibitor and 
the substrate-binding site. 

It is well understood by those skilled in the art that 
effective HIV protease inhibitors have R groups that interact 
similarly with the sub-sites of the enzyme. For example, 
Wlodawer et al. (ibid, at pp. 558-561) evaluated the struc- 
tural similarities of 12 different HIV protease inhibitors, 
when bound in the protease active site in an extended 
conformation. They reported that the functional elements of 
each of the inhibitors were substantially aligned overall 
when the structures were superimposed with one another. 
This observation is evidence that the side chains (i.e., R 
groups) of each of the inhibitors interact similarly, and 
thereby conform with, the sub-sites in the HIV protease. 
Although one or two non-conforming R groups arc unlikely 
to fully negate an inhibitor's performance, they could dimin- 
ish an inhibitor's effectiveness. Therefore, most preferably, 
each of the R groups has the appropriate size, architecture 
and hydrophilic/hydrophobic character to conform with 
each of the sub-sites, while the Y moieties provide an 
appropriate extension for properly presenting the R groups 
to their respective sub-sites. 

Examples of suitable R 1 , R 1, R 2 and R 2 groups are, 
without limitation, substituted or unsubstituted, branched or 
unbranched, Cj-Q alkanes, Cj-Q alkenes and C,-C 6 
alkyncs; substituted or unsubstituted, branched or 
unbranched C 3 -C„ cycloalkanes and C 3 -C, cycloalkenes; 
and substituted or unsubstituted aromatic hydrocarbon and 
heterocyclic rings. Examples of suitable substituents are, 
without limitation, acyl, aldehyde, alkyl, amido, amino, aryl, 
carboxamide, carboxyl, ether, halo, hydroxy!, nitro, oxime, 
phosphido, sulfonyl and sulfoxide groups. R 1 , R 1 '- R 2 and 
R 2 ' may be the same or different. R 1 , R 1 '' R 2 and R 2 ' may also 
contain one or more amino acids. However, it is preferred 
that the R 1 , R 1 '- R 2 and R 2 ' groups do not contain amino 
acids because of the associated bioavailability problems. 

Preferably, R 1 and R r are phenyl, benzyl, t-butyl, i-butyl, 
or i-propyl groups. Preferably, R 2 and R 2 ' arc a tctrahydro- 
furanyl ring, a substituted benzamide, a 2-amino-l- 
hydroxyindan ring, or a substituted pyrazole. 

Without being bound by theory, it is believed that the 
interaction of an HIV protease inhibitor, of the general 
formula (II) of the present invention, with the aspartic acid 
residues of the active site, the S t , S,', S 2 and S 2 sub-sites, 
and the flap IIe S0 and lie 30 ' residues is as shown in Scheme 
4, wherein the heterocycle is an imidazole ring, X is a 
carbonyl group, n is 0, Y is — NH — CH 2 — COO — , R 1 and 
R 1 ' are benzyl groups and R 3 and R 2 ' are l-bulyl groups. 
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Scheme 4 




Scheme 4 illustrates interaction between the imidazole 
ring and the carboxyl groups of the aspartic acid residues, as 
described in Scheme 2. However, Scheme 4 does not illus- 
trate any other contacts between the inhibitor and the 
substrate-binding site. The benzyl groups occupy the S 3 and 
Sj' sub-sites and the t-butyl groups occupy the S 2 and S 2 ' 
sub-sites. 'ITie flap lie 50 and lie -50 ' residues are bound to the 
carbonyl groups adjacent the heterocyclic cure through a 
water molecule. 

In another embodiment of the present invention, an HIV 
protease inhibitor of the present invention is represented by 
the following general formula (III): 

(III) 

y Y Hcl Y 

K : _ _ V 

wherein Het, Y, X, R 1 , R 1 '- R 2 and R 2 are defined as above 
in general formula II. 

Selection of Z groups may be accomplished by applying 
structure-based drug design and/or analog-based drug 
design principles known to those skilled in the art. 

The use of structure-based design in HIV protease inhibi- 
tor modeling is discussed in Clare, M. Perspectives in Drug 
Discovery and Design 1:49-68; 1993. 

Structure-based drug design techniques include: X-ray 
crystallography, NMR spectroscopy, and molecular model- 
ing. The most widely used technique is X-ray crystallogra- 
phy. 'ITi is method provides a 3-dimensional representation of 
the interaction between the protease and a bound inhibitor. 
Detailed information regarding the bound conformation of 
the inhibitor and of the interactions between enzyme and 
inhibitor can be obtained from this technique. It is, therefore, 
possible to determine whether addition of another functional 
group is required, if it is desirable to enhance binding in the 
enzyme/inhibitor complex, or whether the modification of 
an existing R group would enhance the binding. 

In this manner, the design, synthesis, and biological 
assessment of protease inhibitors can be used iteratively 
with X-ray crystallography results to optimize inhibitor 
interactions. 

NMR spectroscopy has been used in an analogous manner 
although this technique can be more difficult to use and the 
results may be more difficult to interpret. 

Molecular modeling can be employed in multiple ways to 
the process of R group optimization. The characteristics 
(shape, electronic, and hydrophobic character) of the active - 
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site and surrounding sub-sites can be determined by various 
modeling methods. Then, comparison of a bound inhibitor 
with these "ideal" characteristics may identify beneficial 
changes to an inhibitor to improve complementarity between 

5 inhibitor and enzyme. 

Examples of software used by companies and researchers 
involved in drug design are SYBYL (Tripos, St. Louis, Mo.), 
CERIUS 2 (Molecular Simulations Inc., Sao Diego, Calif.), 
DISCOVER (Molecular Simulations Inc., San Diego, 

10 Calif.), SPARTAN and DOCK (UCSF, CA). 

In analog-based drug design, a 3-dimeasional structure of 
the enzyme is not known empirically although a model of 
the enzyme may be proposed. For these cases, the biological 
activity of the inhibitors directs the discovery and oplimi- 

is zation process. Quantitative structure -activity relationships 
(QSAR) can be determined for a variety of functional group 
changes to the original inhibitors). The methodology for 
converting information from QSAR studies to an optimized 
inhibitor has been extensively utilized in drug design. Mod- 

20 eling may also play an important role in analyzing the active 
inhibitors to find which characteristics (shape, electronic, 
and hydrophobic character) may be similar when bound to 
the enzyme. These studies are called 3D-QSAR techniques 
and application of this technique for HIV protease inhibitors 

25 is well known to those skilled in the art. Such techniques can 
be similarly employed to optimize the selection of R groups 
for inhibitors of the present invention. 

Optimization of these interactions can then proceed 
beginning with election of a heterocyclic core and working 

30 away from the active site towards he sub-sites sequentially. 
Thus, the heterocycles can be first altered to determine the 
best choice for interacting with the active site aspartic acid 
residues. Concurrent with these design experiments will be 
a decision of whether a hydrogen bond -accepting group will 

35 be necessary to orient the conserved water for flap binding. 
Optimized binding is likely to - require this interaction and so 
it is likely that a hydrogen bond-accepting group will be 
included in the final compound. In this case it is then 
necessary to consider both the distance and geometry of the 

40 hydrogen bond -accepting group while choosing the hetero- 
cyclic ring. For example, if two carbonyl groups are used to 
bind the flap He 50 and He 50 ' residues to the inhibitor, each 
heterocycle will offer slightly different distances between 
the oxygen atoms of the carbonyl groups as well as a 

45 different torsion angle (measured by using the oxygen and 
carbon atoms of the two carbonyl groups) to define the 
relative orientation of the two carbonyl groups to each other. 

In this manner it may be possible to make changes to the 
two Z groups off the heterocyclic core until an optimized 

so compound is obtained and then simply remove one of the 
two Z groups to yield an monosubstituted heterocyclic 
inhibitor. This may compromise the overall properties of the 
inhibitor. However, the compound may still exhibit modest 
inhibitory potency and perhaps even improved pbannaco- 

55 kinetic properties due to the smaller size. 

The protease inhibitors of the present invention are also 
suitable to inhibition of renin, pepsin and cathepsin D. 
However, since the substrate -binding sites of renin, pepsin 
and cathepsin 0 differ from that of HIV protease, Z group 

60 selection may require alteration in the functional groups and 
spacing thereof to provide a stabilized cnzymc/inhibilor 
complex, for example, while HIV protease has a pair of 
p-hairpin flaps that cover the active site, pepsin has only one 
such flap. 

65 The protease inhibitors of the present invention are useful 
for the treatment or prophylaxis of diseases and conditions 
caused or assisted by the action of aspartic proteases. In 
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particular, the inhibitors of the present invention arc useful 
for the treatment or prophylaxis of HIV. However, the 
protease inhibitors of the present invention are also useful 
for inhibiting cathepsin D which is a lysosomal enzyme that 
degrades proteins intraccllularly, renin which catalyzes 
removal of the decapeptide angiotensin I which plays an 
major role in the control of blood pressure, and pepsin which 
is a gastric enzyme involved in digestion. 

The following non-limiting examples of selected inhibi- 
tors are provided for illustrative purposes only. 

EXAMPLE 1 



Preparation of 4,5-Bis{[(l,l-dimethylelhoxy)-(S)- 
phenylalanyl]carbonyl} -1 1 l-imida/x)Ie 




10 ml of anhydrous CH 2 C1 Z was added to a dry round- 
bottom flask, followed by the addition of imidazole-4,5- 
dicarboxylic acid (0.5 g, 3.20 mmol), 
1-hydroxybenzotriazole monohydrate (0.87 g, 6.41 mmol), 
and L-phenylalanine t-butyl ester hydrochloride (2.06 g, 
"8.01"mrnol)"urider~a~blanket "of "inert gasT" This'slirred 
suspension was cooled to 0° C. and triethylaminc (1 .12 ml, 
8.01 mmol) was added dropwisc. This helped solubilize 
some of the remaining solids but not all of them. Finally, 
dicyclobexylcarbodiimide (1 .39 g, 6.72 mmol) was added to 
the mixture all at once. The suspended imidazole-4,5- 
dicarboxylic acid slowly dissolved and gave way to precipi- 
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EXAMPLE 2 



Preparation of 3,5-llw{[(l,l-dimethylethoxy)-(S)- 
phenylalanyl]carbonyl)-lH-pyrazole 




This compound was prepared in an analogous manner to 
the compound prepared in Example 1, using lH-pyrazolc- 
3,5-dicarboxylic acid instead of imidazolc-4,5-dicarboxylic 
acid. The fractions containing the desired product were 
combined and concentrated with an 8% yield. 

EXAMPLE 3 

Preparation of 4,5-Bis{[(l,l-dimethylcthoxy)-(S)- 
phenylalanl]carbonyl}-lH-l ,2,3-triazolc 




This compound was prepared in an analogous manner to 
the compound prepared in Example 1, using lH-1,2,3- 
„ 3 f triaz-ole^S-dicarboxylic acid instead, of imidazole-4,5-_ 
dicarboxylic acid. The fractions containing the desired prod- 
uct were combined and concentrated with a 2% yield. 

EXAMPLE 4 

40 

Preparation of 4,5-BLs{[(l,l-dimethyIethoxy)-(S)- 
valyl]-(S)-phenylalaoyl}carbonyl}lH-imidazolc 




tated dicyclohexylurea. The reaction mixture was stirred for 55 
24 hours and the precipitated solids were removed by 
filtration. 'Itie dichloromethane was diluted with 80 mL 
ethyl acetate before washing the solution with 20 mL each 
of 5% citric acid, 1 M NaHC0 3 , H 2 and a saturated NaCl 
solution. The organic fraction was dried over anhydrous 60 
MgS0 4 , filtered, and concentrated to a white foam. Final 
purification was done on a silica gel column by gravity 
chromatography with ethyl acetate/hexane (50/50) as the 
eluent. The fractions containing the desired product were 6S 
combined and concentrated to yield 455 mg pure material 
for a 25% yield. 



2 mL each of anhydrous dichloromethane and trifluoro- 
ace tic acid was added to a dry round-bottom flask containing 
4 t 5-bLs{[(l,l-dimethylethoxy)-(S)-phenylalanyl]carbonyl}- 
IH-imidazole. This solution was stirred for 4 hours. Shortly 
thereafter, using TLC analysis, it was determined that the 
starting material was entirely consumed. The dichlo- 
romethane and trifluoroacetic acid were removed under 
vacuum and the resulting solid was dissolved in dichlo- 
romethane before removing the solvent under vacuum. This 
step was repeated three times before coupling the material to 
L-valinc t-butyl ester hydrochloride by the method outlined 
in Example l.Thc fractions containing the desired product 
were combined and concentrated with a 14% yield. 
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EXAMPLE 5 



Preparation of 3^-I)Ls{{[(t ) l-dimethylcthoxy)-(S)- 
valylKS)-phenylalanyl}carbonyl}lH-pyrazole 
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and adjusting the final absorbance value of the substrate to 
represent 100% cleavage (no significant decrease in absor- 
bance was observed after 137 minutes). 



X 




This compound was prepared in an analogous manner to 
Ibe compound prepared in Example 4, using 3,5bis{[(l,l- 
dimethylethoxy)-(S)-phenylalanyl]carbonyl}-lH-pyrazole 
instead of 4,5-bis{[(l,l-dimcthylelhoxy)-(S)-phenyiaianyi] 
carbonyl}-lH-imidazole. Tbe fractions containing the 
desired product were combined-and concentrated with a 
16% yield. 

EXAMPLE 6 

Preparation of Bis[(l,l-diraethylethoxy)-(S)- 
phenylalanyl]-maleoyl (Control) 



_ Jhis compound jwas_ prepared in jin analogous manner Jo 
the compound prepared in Example 1, using maleic acid 
instead of imidazole-4,5-dicarboxylic acid. The fractions 
containing tbe desired product were combined and concen- 
trated with an 11% yield. 

EXAMPLE 7 

Bioassay of prepared compounds 

The compounds prepared in Examples 1-5 were tested 
according to the method described in Richards, A. D. ct al. 
(FEBS Letters 247:113-117; 1989) using a colorimetric 
peptide substrate which can be monitored for cleavage either 
in the absence or presence of an inhibitor. Acetylpepstatin 
was employed as a control inhibitor and bis[(l,l- 
dimethylelhoxy)-(S)-phenyIalanyl]-maleoyl, prepared in 
Example 6, was used as a control compound. 

The compounds prepared in Examples 1-5 were depro- 
tected with 4 N HCI in dioxane for 8 hours prior to solution 
formation at 10/<M in DMSO. The compounds obtained by 
depratcction were used without further purification. 

The control reaction with substrate alone contained 
equivalent amounts of DMSO. These results arc shown in 
FIG. 1. The data is reported as a change in the percent 
absorbance relative to the initial absorbance which itself is 
normalized to a value of 1. In data not shown, the protease 
was shown to still be active after 60 minutes by adding 
additional substrate. 

These compounds were also tested as 1 /*M solutions in 
DMSO and compared against the standard inhibitor 
acctylpepstatin at 3.5 ^M. The results of this experiment arc 
shown in FIG. 2 after normalization of the initial absorbance 



15 The next round of testing utilized the protected com- 
pounds from Examples 2, 4, S, and 6 directly without prior 
deprotection of the tert-butyl esters. The compounds were 
again dissolved in DMSO. Tbe results for the protected 
compounds tested at 1 fiM are shown in FIG. 3 after 

20 normalization of the initial absorbance values. These com- 
pounds were tested in triplicate and the average values are 
shown in PIG. 3 along with the experimental standard 
deviations. 

Preferred compounds and applications for practicing the 
25 invention have been described. It will be understood that the 
foregoing is illustrative only and that other compounds and 
applications can be employed without departing from the 
(rue scope of the invention defined in the following claims. 

I Claim: 

30 1. An aspartic protease/inhibitor complex comprising an 
aspartic protease and an aspartic protease inhibitor, said 
aspartic protease/inhibitor complex having said aspartic 
protease inhibitor chemically, physically and/or physico- 
cbemically interacting with said aspartic protease and said 

35 aspartic protease inhibitor having the following general 
formula (I):' ~ " 

Z— Hel— Z (I) 

wherein, 

40 a) Het is a saturated, partially unsaturated or unsaturated 
and substituted or unsubstitutcd 3 to 7-membcrcd het- 
erocyclic ring having 

i) at least two heteroatoms, wherein the first heteroatom 
can interact with a first aspartate group in the active 

45 site of an aspartic protease and the second heteroa- 

tom can interact with a second aspartate group in the 
same active site, wherein at least one of the heteroa- 
toms does interact with at least one of the first and 
second aspartate groups, and 

50 ii) a pK„ value in the range from about 2.5 to about 1 2, 
and 

b) wherein each Z can be the same or different, and has 
i) a shape complementarity with at least a portion uf the 
substrate binding site of the aspartic protease; 
55 ii) a chemical structure for contacting multiple atoms of 
the substrate binding site; and 
iii) al least one R group, which can be the same or 
different, at least one R group having a chemical 
structure for occupying al least one sub-site, proxi- 
60 male to the active site of the aspartic protease. 

2. The complex of claim 1, wherein the heteroatoms are 
selected from the group consisting of nitrogen, phosphorous, 
oxygen, sulfur, boron, silicon and combinations thereof. 

3. The complex of claim 2, wherein at least one of the 
65 heteroatoms is nitrogen. 

4. The complex of claim 1, wherein Z is a moiety having 
one or more atoms selected from the group consisting of 
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hydrogen, carbon, nitrogen, oxygen, sulfur, boron, silicon, 
phosphorus, fluorine, chlorine, bromine, iodine and combi- 
nations thereof. 

5. The complex of claim 1, wherein each hctcroatom 
interacts with a carboxylic group of each aspartate group. 

6. The complex of claim 1, wherein the contacting dis- 
tance between non-hydrogen atoms of the Z groups and 
non- hydrogen atoms of the substrate binding site is ^ about 
4.1 A. 

7. The complex of claim 1, wherein there are at least about 
50 contacts between atoms of the Z groups and atoms of the 
substrate binding site. 

8. The complex of claim 1, wherein at least one Z has the 
structure having the general formula: 



18 



17. The complex of claim 1, wherein the beterocycle is 
selected from the group consisting of imidazole, 
imidazolidine, pyrazole, triazole, oxazole, thiazole, 
pyridazine, pyrimidinc, pyrazioc, pipcrazinc, triazinc, and 

5 oxazine. 

18. An aspartic protease/inhibitor complex, comprising an 
aspartic protease and an aspartic protease inhibitor, said 
aspartic protease/inhibitor complex having said aspartic 
protease inhibitor chemically, physically and/or physico- 
chemically interacting with said aspartic protease and said 
aspartic protease inhibitor having the following general 
formula (II): 



(II) 



Y X (CH), Hel (CH), X Y 



R 1 



wherein Y is a moiety having a backbone chain of at least 2 
atoms, and R 1 and R are covalenlly bonded to the Y moiety, 
so that at least one of R 1 and R 2 is presented to the at least 
one sub-site. 

9. The complex of claim 1, wherein at least one Z bas the 
structure having the general formula: 



Y X (CHV- 



whercin Y is a moiety having a backbone chain of at least 2 
atoms, R 1 and R 2 are covalenlly bonded to the Y moiety, so 
that at least one of R 1 and R 3 is presented to the at least one 
sub-site, X is a hydrogen bond-accepting group, and n»0, 1, 

"2 or 3. - 

10. The complex of claim 8, wherein each Y moiety is 
covalenlly bonded to each other through at least one hydro- 
gen bond-accepting group, X, to form a cyclic structure 
having the general formula (III): 



(in) 



/Y — He,— Y 

R 1 R 3 " 



wherein R 1 , R 2 , R 1 '' R 2 ' can be the same or different and at 
least one of R\ R 1 ', R 2 and R 2 ' bas a chemical structure for 
occupying at least one sub-site, proximate to the active site 
of the aspartic protease. 

11. The complex of claim 8, wherein atoms of the 
backbone chain are selected from the group consisting of 
carbon, nitrogen, phosphorus, sulfur, oxygen, silicon and 
combinations thereof. 

12. The complex of claim 9, wherein atoms of the 
backbone chain are selected from the group consisting of 
carbon, nitrogen, phosphorus, sulfur, oxygen, silicon and 
combinations thereof. 

13. The complex of claim 1, wherein the aspartic protease 
is HIV protease. 

14. 'llie complex of claim 1, wherein the aspartic protease 
is renin. 

15. The complex of claim 1, wherein the aspartic protease 
is pepsin. 

16. The complex of claim 1, wherein the aspartic protease 
is calhcpsin D. 



wherein, 

a) I let is a saturated, partially unsaturated or unsaturated 
and substituted or unsubstitutcd 3 to 7-mcmbcrcd het- 
erocyclic ring having 

i) at least two heteroatoms, wherein the first heteroatom 
can interact with a first aspartate group in the active 
site of an aspartic protease and the second hctcroa- 
tom can interact with a second aspartate group in the 
same active site, wherein at least one of the heteroa- 
toms does interact with at least one of the first and 

30 second aspartate groups, and 

ii) a pKo value in the range from about 2.5 to about 12, 
and 

b) X is a hydrogen bond-accepting group; 

c) Y is a moiety having a backbone chain of at least 2 
35 atoms selected from the group consisting of carbon, 
nitrogen, phosphorus, sulfur, oxygen.-silicon and com- 
binations thereof; 

d) each R 1 , R 1 '- R 2 and R 2 ' group is covalenlly bonded to 
the Y moiety, and at least one of R\ R 1, R 2 and R 2 has 

40 a chemical structure for occupying at least one of the 
Sj, S,', S z and S 2 ' sub-sites; and 

e) n-0, 1, 2 or 3. 

19. The complex of claim 18, wherein the hydrogen 
bond-accepting group is selected from the group consisting 

45 of carbonyl, sulfoxide, sulfone, phosphine oxide, amine 
oxide and hydroxylaminc groups. 

20. The complex of claim 18, wherein Y is a moiety 
selected from the group consisting of substituted and 
unsubstitutcd, branched and unbranched alkyl, alkylamine, 

50 alkoxy, alkoxyamine, Ihioalkyl, thioalkoxy, 
thioalkoxyamine, thioalkylamine, phosphidoalkyl, 
phosphidoalkoxy, phosphidoalkoxyamine and phosphi- 
doalkylaminc groups. 

21. The complex of claim 18, wherein R 1 , R 1 '* R 2 and R 2 ' 
55 are the same or different and are selected from the group 

consisting of substituted and unsubstitutcd, branched and 
unbranched, Cj-Q alkanes, C 1 -C 6 alkenes and C 1 -C 6 
alkynes; substituted and unsubstitutcd, branched and 
unbranched C 3 -Cg cycloalkanes and C^-Q, cycloatkenes; 
60 substituted and unsubstitutcd aromatic hydrocarbon and 3 to 
ltt-membered heterocyclic rings; and amino acids. 

22. The complex of claim 21, wherein one or more of R 1 , 
R'*' R 2 and R 2 is substituted with one or more substitucnts 
selected from the group consisting of acyl, aldehyde, alkyl, 

65 amido, amino, aryl, carboxamide, carboxyl, ether, halo, 
hydroxy), nitro, oximc, phosphido, sulfonyl and sulfoxide 
groups. 
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23. The complex of claim 22, wherein R 1 and R 1 ' are the 
same or different and are selected from ibe group consisting 
of phenyl, benzyl, t-butyl, i-butyl, and i-propyl groups. 

24. The complex of claim 23, wherein R 2 and R 2 ' are the 
same or different and are selected from the group consisting 
of a tetrahydrofuranyl ring, a substituted benzamide, a 
2-amino-l-hydroxyindan ring, and a substituted pyrazole. 

25. An aspartic protease/inhibitor complex, comprising an 
aspartic protease and an asparlic protease inhibitor, said 
aspartic protease/inhibitor complex having said aspartic 
protease inhibitor chemically physically and/or physico- 
chcmically interacting with said aspartic protease and said 
aspartic protease inhibitor having the following general 
formula (III): 




wherein, 

a) Hel is a saturated, partially unsaturated or unsaturated 
and substituted or unsubstituted 3 to 7-membered het- 
erocyclic ring having 

i) at least two hctcroatoms, wherein the first heteroatom 
can interact with a first aspartate group in the active 
site of an aspartic protease and the second heteroa- 
tom can interact with a second aspartate group in the 
same active site, wherein at least one of the heteroa- 
toms docs interact with at least one of the first and 
second aspartate groups, and 

ii) a pK„ value in the range from about 2.5 to about 12, 
and 

b) X is a hydrogen bond-accepting group; 

c) Y is a moiety having a backbone chain of at least 2 
— ~ " atoms selected from"thc "group'consistirig of c¥rboh,~ 

nitrogen, phosphorus, sulfur, oxygen, silicon and com- 
binations thereof; and 

d) each R\ R 1 * R 2 and R 2 ' group is covalcntly bonded to 
the Y moiety, and at least one of R\ R 1 '- R 2 and R 2 ' has 
a chemical structure for occupying at least one of the 
S lt S,', S 2 and S 2 ' sub-sites. 

26. The complex of claim 25, wherein the hydrogen 
bond -accepting group is selected from the group consisting 
of carbonyl, sulfoxide, sulfone, phosphine oxide, amine 
oxide and hydroxylamine groups. 

27. The complex of claim 25, wherein Y is a moiely 
selected from the group consisting of substituted and 
unsubstituted, branched and unbranched alkyl, alkylaminc, 
alkoxy, alkoxyamioc, thioalkyl, thioalkoxy, 
thioalkoxyamine, thioalkylamine, phosphidoalkyl, 
phosphidoalkoxy, phosphidoalkoxyamine and phosphi- 
doalkylaminc groups. 

28. The complex of claim 25, wherein R 1 , R 1 '- R 2 and R 2 ' 
are the same or different and are selected from the group 
consisting of substituted and unsubstituted, branched and 
unbranched, C]-C 6 alkancs, Q-Ce alkcnes and Cj-C^ 
alkynes; substituted and unsubstituted, branched and 
unbranched C 3 -Cg cycloalkanes and C 3 -Cg cycloalkenes; 
substituted and unsubstituted aromatic hydrocarbon and 3 to 
10-rocmbcred heterocyclic rings; and amino acids. 

29. The complex of claim 28, wherein one or more of R 1 , 
R 1 ', R 2 or R 2 ' is substituted with one or more substituents 
selected from the group consisting of acyl, aldehyde, alkyl, 
amido, amino, aryl, carboxamide, carboxyl, ether, halo, 
hydroxy], nitro, oxtme, phosphido, sulfonyl and sulfoxide 
groups. 
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30. The complex of claim 25; wherein R 1 and R 1 ' are the 
same or different and selected from the group consisting of 
phenyl, benzyl, 1-butyl, i-butyl, and i-propyl groups. 

31. The complex of claim 25, wherein R and R 2 ' groups 
5 are the same or different and selected from the group 

consisting of a tetrahydrofuranyl ring, a substituted 
benzamide, a 2-amino-l-hydroxyindan ring, and a substi- 
tuted pyrazole. 

32. A method for inhibiting an aspartic protease compris- 
1Q ing administering to a patient in need thereof a therapeuti- 
cally effective amount of an aspartic protease inhibitor; said 
aspartic protease inhibitor having the following general 
formula (I): 

Z— Hel— (I) 

IS 

wherein, 

a) Het is a saturated, partially unsaturated or unsaturated 
and substituted or unsubstituted 3 to 7-membered het- 
erocyclic ring having 
20 (i) at least two heteroaloms, wherein the first heteroa- 
tom can interact with a first aspartate group in the 
active site of an asparlic protease and the second 
heteroatom can interact with a second aspartate 
group in the same active site, wherein at least one of 
25 the heteroatoms does interact with at least one of the 

first and second aspartate groups, and 
(ii) a pK n value in the range from about 2.5 to about 12, 
and 

c) wherein each Z can be the same or different, and has 
30 (i) a shape complementarity with at least a portion of 
the substrate binding site of the asparlic protease; 

(ii) a chemical structure for contacting multiple atoms 
of the substrate binding site; and 

(iii) at least one R group, which can be the same or 
35 different, al least one R group having a chemical 
— - structure ■ for occupying- at least one sub-site,-proxi-— 

mate to the active site of the aspartic protease. 

33. The method of claim 32, wherein the heteroaloms are 
selected from the group consisting of nitrogen, phosphorous, 

40 oxygen, sulfur, boron, silicon and combinations thereof. 

34. The method of claim 32, wherein at least one Z has the 
structure having the general formula: 

R 3 

wherein Y is a moiety having a backbone chain of at least 2 
50 atoms, and R 1 and R 2 arc covalcntly bonded to the Y moiety, 
so that at least one of R 1 and R 2 Ls presented to the at least 
one sub-site. 

35. The method of claim 32, wherein at least one Z has the 
structure having the general formula: 

55 

"V 

Y X (Q4 

60 

wherein Y is a moiety having a backbone chain of at least 2 
atoms, R 1 and R 2 are covalently banded to the Y moiety, so 
that al least one of R 1 and R 2 is presented to the al least one 
sub-site, X is a hydrogen bond-accepting group, and n-0, 1, 
65 2 or 3. 

36. The method of claim 32, wherein each Y moiety is 
covalcntly bonded to each other through at least one hydro- 
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gen bond-accepting group, X, to form a cyclic structure 
having the general formula (III): 



(in) 



^ Y _„ ct _y 

R 2 V 



wherein R\ R 2 , R 1 '* R 2 ' can be the same or different and at 10 
least one of R\ R 1 ', R 2 and R 2 has a chemical structure for 
occupying at least one sub-site, proximate to the active site 
of the aspartic protease. 

37. The method of claim 34, wherein the heterocycle is 
selected from the group consisting of imidazole, is 
imidazolidine, pyrazolc, triazole, oxazole, thiazole, 
pyridazine, pyrimidine, pyraztne, piperazine, triazine, and 
oxazine. 

38. A compound selected from the group consisting of: 
4,5-bLs{[(l,l-dimethylethoxy)-(S)-phenylalanyl]carbonyl}- ^ 

I H-imidazole, 

4,5-bis{[(l , 1 -dimethy lethoxy)-(S)-pheny lal anyl ]carbonyl } - 
lH-pyrazole, 

4,5-bLs{[(l,l-dimethylethoxy)-(S)-phenylalanyl]carbonyl}- 
lH-triazole, 

4,5-bis {[(1 , 1-dimcthy lelhoxy)-(S)-pheny lalanyl]carbony 1 } - 25 

lH-imidazoline, 
4,5-bis{[(l,l-dimethylelhoxy)-(S)-phenylalaDyl]carbonyl}- 

II I-oxazole, 

4,5-bis{[(l,l-dimethylethoxy)-(S)-phenylalanyl]carbonyl}- 
lH-thiazole, 30 

4,5-bis{[( I , 1 -dimethy lethoxy)-(S)-phe ny lalaoyl]carbony 1 } - 
lH-pyridazine, 

4,5-bis{[(l,l-dimethylethoxy)-(S)-phenylalanyl]carbony]}- 
lH-pyrimidine, 

4,5-bis{[(l,l-dimethylethoxy)-(S)-phcnylalanyl]carbonyl}- 35 

— lH-pyrazinc, — — - ~ - — — - - 

4,5-bis{[(l,l-dimcthylethoxy)-(S)-phenylalanyl]carbonyl}- 
lH-piperazine, 

4,5-bis{[(l,l-dimethylethoxy)-(S)-phcnylalanyl]carbonyl}- 
II 1-triazine, ^ 

4,5-bis {[(1,1 -dimethylethoxy)-(S)-pheny I al anyl ]carbonyl }- 
lH-oxazine, 

3,5-bis{[(l,l-dimelhylethoxy)-(S)-phenylalanyl]carbonyl}- 
1 H-imidazole, 

3,S-bis{[(l,l-dimethylethoxy)-(S)-phenyLalanyl]carbonyiy* 45 
lH-pyrazole, 

3,5-bis{[(l,l-dimelhylelhoxy)-(S)-phenyLalanyl]carbonyl f - 
lH-triazole, 

3^-bis{[(l,l-dimethylethoxy)-(S)-phenylalanyl]carbonyl r - 
lH-imidazolinc, 50 

3,5 -bis{[(l ,1 -dimethy lclhoxy)-(S)-pbeny 1 alan yl ]carbonyl r - 
lH-oxazole, 

3,5-bis{[(l,l*dimethylethoxy)-(S)-phenylalanyl]carbonyl}- 
lH-thiazolc, 

3^-bLs{[(l,l-dimethylethoxy)-(S)-phenylalanyl]carbonyl}- 
1U -pyridazine, 



3^-bis{[(l,l-dimethylethoxy)-(S)-phenylalanyl]carbonylf- 

lH-pyrimidine, 
3^-bis{[(l,l-dimethylethoxy)-(S)-phenylalanyl]carbonyl}- 

lH-pyrazine, 

3,5-bis{[(l,l-diniclhylelhoxy)-(S)-phenylalaDyI]carbonyl}- 
lH-piperazine, 

3,5-bis {[(1,1 -dimethy lcthoxy)-(S)-phenylalanyl]carbonyl}- 
111-triazine, 

3^-bLs{[(l,l-dimelhylethoxy)-(S)-phenylalanyl]carbonyl}- 
lH-oxazine, 

4,S-bis{{[(l ) l-dimethylcthoxy)-(S)-valyl]-(S)- 
phenylala nyl} carbonyl } - lH-imidazole , 

4,5-bis{{[(l,l-dimethylclhoxy)-(S)-valyl]-(S)- 
phenylalanyl}carbonyl}-l H-pyrazole, 4,5-bis{{[(l, 
1 -dimethy lcthoxy)-(S) -valy 1]-(S)- 
phenylalanyl}carbonyl}-lll-triazole, 4,5-bis{{[(l,l- 
dimethyleihoxy)-(S)-valyl]-(S)-phenylalanyl}carbonyl r - 
IH-imidazoline, 4,5-bis{{[(l,l-dimethyiethoxy)-(S)- 
valyl]-(S)-pbcnylalanyl f cait>ODyl}--lH-oxazolc,4,5-bis{{ 
[(1,1 -dimethy lethoxy>(S)-valyl]-(S) 
phcnylalanyl}carbonyl}lH-tbiazole, 4,5-bis{{[(ll,l 
-dimelhylcthoxy)-(S)-valyl]-(S)- 
phcnylalanyl}carboriyl}-lH-pyridazine, 4,5-bis{{[(l,t- 
dimethylethoxy)-(S)-valyl]-(S)-phenylalanyl}carbonylf- 
lH-pyrimidine, 4,5-bis{{[(l ,1 -dimethy lethoxy)-(S)- 
valyl]-(S)-phenylalanyl}carbonyl}-l M-pyrazine, 4,5- 
bis { {([(1,1 -dimethyl ct ho xy)-(S)-val yl]-(S)- 
phcnylalanyl}carbonyl}-lH-pipcrai£inc, 4,5-bis{{[(l,l- 
dimelhylelhoxy)-(S)-valyl]-(S)-phenylalanyl}carbonyl}- 
lll-triazine, 4,5-bis{{[(l,l-dimethylethoxy)-(S)-valyl]- 
(S)-phenylalanylfcarbonyl}-lII-oxazine, 3,5-bis{{[(l,l- 
dimethylethoxy)-(S)-valyl] -(S)-phenylalanyl}carbonyl}- 
lH-imidazole, 3,5-bis{{[(l,l-dimethylethoxy)-(S)- 

— valyl]-(S)-phenylalanyl^carbonyl lH-pyrazole,-3;5-bis{{— 
[( 1,1 -dime thy let boxy) -(S)- valy 1]-(S)- 
phenylalanyl}carbonyl}-lH-triazolc, 3,5-bis{{[(l,l- 
dimethylethoxy)-(S)-valyI]-(S)-phenylalanyl}carbonyl}- 
1 1 l-imidazoline, 3,5-bis{ {[(1 , 1 -dimethylethoxy)-(S)- 
valyl]-(S)-phenylalanyl f carbonyl^-lH-oxazole,3 T 5-bis{{ 
[(l,l-dimethylethoxy)-(S)-valyI]-(S)- 
phenylalanyl}carbonyl}-lH-thiazoIe, 3,5-bis{{[(l,l- 
dimetbylethoxy)-(S)-valyl]-(S)-phcnylalanyl}carbonyl}- 
lH-pyridazinc, 3,5-bis{{[(l,l -dimctbylcthoxy)-(S)- 
valyl]-(S)-phenylalanyt}carbonyl}-lH-pyrimidmc, 3,5- 
b is { {[(1 ,l-dimethylethoxy(S)-valyl]-(S)- 
phenylalanyl}carbonyl}-Hl-pyrazine, 3,5-bis{{[(l,l- 
dimethylethoxy)-(S)vaIyl]-(S)-phenylalanyl}carbonyl}- 
IH-ptperazinc, 3,5-bis{[(l s l-dimethylcthoxy)-(S)-valyl]- 
(S)-phenylalanyl}carbonyl}-lH-triazine, and 3,5-bis{{ 
[(1, 1-dimcthy let hoxy)-(S) -valy 1]-(S)- 
phenylalanyl}carbonyl}-lll-oxazine. 
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